Abstract Lightning is a natural hazard occurring frequently within the United States causing injury, damage, and death. To avoid this hazard, citizens need to self-mitigate their risk by taking action. The level of lightning safety knowledge must be known to determine if citizens have the tools to mitigate their risk. No studies have previously explored the status of lightning safety knowledge or the best way to educate about lightning safety. Therefore, the research community is unaware if citizens understand their risk and have the knowledge to mitigate their risk, or if current safety programs are effectively educating citizens. This study distributed two surveys to college students in Florida, Ohio, and Colorado. Following the pre-mode survey, students were shown videos, given brochures, or both with lightning safety information. A follow-up survey was then distributed. Participants were found to have a moderate level of lightning safety knowledge. Study areas of variable risk as well as past death rates were not found to affect the rate of knowledge. The presence of education programs were not affected by the variable risk. Misunderstood areas of lightning safety knowledge were associated mostly with the lightning and thunder relationship as well as safety before and after a thunderstorm. The education modes involving a video were the most effective at increasing knowledge. Gender displayed minor differences in gaining of lightning safety knowledge.
emergency preparedness communities. Therefore, a lack of communication between the research community and citizens may exist for deaths and injuries to occur. Current lightning safety research is primarily focused on safety recommendations and uniform reporting of lightning casualties (Ashley and Gilson 2009; Cooray et al. 2007; Holle et al. 2005; Zimmermann et al. 2002; Holle et al. 1999) . A few major lightning safety recommendations include the following:
• If you can hear thunder, you are in danger of being struck • Take shelter in a fully enclosed building with plumbing or wiring • Stay away from windows, electrical appliances, and plumbing • Wait at least 30 min after the last sound of thunder before going outdoors (Roeder et al. 2011) Current lightning safety research lacks a focus on lightning safety education. Lightning education, the status of education, and the modes for best education practices are not widely studied. Therefore, this study surveyed college students at four universities in three states of variable lightning risk to test their level of lightning safety knowledge. An initial survey was distributed followed by lightning safety information using three education modes: brochure, video, and brochure plus video. A post-mode survey was then distributed. From these surveys, this study assesses the following research questions:
• Can the current status of lightning safety knowledge be established for college students in the areas of study? • Are particular areas of lightning safety misunderstood more than others for college students? • Do past death rates affect lightning safety knowledge for each area of study?
• Is relative risk related to the existence of K-12 lightning education programs in each area of study? • Is relative risk related to the existence of nonschool lightning education programs in each area of study? • Does the mode of education affect the efficacy of lightning safety knowledge?
• Does gender affect lightning safety knowledge prior to and following exposure to modes of education?
Literature review
Lightning is arguably the most dangerous natural hazard due to its unpredictability and the frequency of strikes (Holle et al. 1999; Lengyel et al. 2005) . The National Lightning Detection Network (NLDN) records an average of 25,000,000 cloud-to-ground flashes per year in the United States (Zimmermann et al. 2002) . In fact, there are more deaths per year due to lightning than any other natural disaster, except floods and just recently tornadoes (Lopez et al. 1993; Curran et al. 1997; Holle et al. 1999; Roeder 2012) . With underreporting taken into account, lightning kills about 100 people per year and injures more than 500 in the United States. A large majority of these injuries are males (Curran et al. 2000; Duclos and Sanderson 1990; Holle et al. 1999 Holle et al. , 2005 Fieux et al. 2005) . Natural hazard education has progressed over the recent decade. Education on hazards has been identified not only as one of the most important parts of strategic planning, but also the first step to informing the public. A study of the US west coast tsunami risk area found that education is the primary tool in reducing risk and increasing awareness (Dengler 2005 ). This knowledge is applicable to other forms of hazards, especially earthquakes, where education is viewed as the most important mitigation tool (Shaw et al. 2004; Shiwaku et al. 2007) . Not only has education been proven as a tool for increased awareness and mitigation, but it can be influential in increasing public trust of a community's ability to properly understand their risk and plan competently (Bird and Dominey-Howes 2008) .
Education has been proven to yield a more informed public; however, there is debate surrounding who and where to educate. Adults have been shown to have incorrect risk perception, lack of awareness, and lack of education, which negatively affects preparedness and readiness (Ronan and Johnston 2001) . Since adults may pass this misinformation onto their children, it seems logical to educate adults to stem the flow of poor information. However, research has found that education efforts with adults may cause them to transfer responsibility of mitigation strategies to others, such as local government (Paton 2003) . Therefore, it may be best to educate children.
Most modern research suggests that the most effective way of increasing awareness in children is through education, and the most effective location for educating children is the classroom (Bird and Dominey-Howes 2008; Johnston et al. 2005; Ronan and Johnston 2001; Ronan et al. 2010; Shaw et al. 2004; Shiwaku et al. 2007; Soffer et al. 2010) . Natural hazard education programs increase schoolchildren's awareness, education, proper risk perception, and at-home mitigation actions (Ronan and Johnston 2001) . Educating children in the classroom supports the transfer of that information into their homes. It also supports hazard mitigation practice discussions in the home, which increases preparedness and readiness, and causes realistic risk perceptions (Bird and Dominey-Howes 2008; Johnston et al. 2005; Ronan et al. 2010) .
A major void in natural hazard education, especially lightning, is determining the most effective and efficient education modes. Modes may be informal (posters, videos, brochures, slogans, etc.) or formal (lesson plans, lectures, etc.) (Petal and Izadkhah 2008) . Past research has mentioned many types of modes; however, none of these modes have been tested. Research on education modes has focused on earthquakes and is of minimal extent. Shiwaku and Shaw (2008) provided education programs to high school students in Japan about earthquake safety. One group of students read a book on earthquake safety, another received a lecture and watched a video, and finally, a third group received a course on earthquake safety. All groups were then surveyed. The students who received the course had the greatest knowledge of earthquake safety. Those who read the book showed greater knowledge of earthquake safety compared to students who received the lecture and video. However, a pre-test was not given to conclusively determine that the course was the most effective method (Shiwaku and Shaw 2008) .
In Israel, 5th-and 6th-grade students were educated about earthquake safety using three types of modes: drill, lecture, and a combination of drill and lecture. Students were then surveyed. The group receiving both the drill and lecture were found to have the most earthquake safety knowledge; however, a pre-test was not given. It is possible the students with greater knowledge had prior knowledge of earthquake safety (Soffer et al. 2010) . In addition, this study only focused on drills and lectures, not relevant in all forms of disaster education.
Although research has been conducted on general natural hazard education and on some specific forms such as earthquakes, more research is needed to form a general consensus. Lightning education is an area of natural hazards research, which has been neglected and is of concern. Lightning is a risk, and people do not always take precautions to mitigate that risk. Previous research states that 42 % of deaths from lightning are caused by a lack of lightning safety knowledge (Lengyel et al. 2005) . This research suggests that people take risks about lightning danger, because lightning is viewed as an uncommon threat and rarely causes damage or casualties. Severe thunderstorm warnings from the National Weather Service (NWS) do not specify lightning; therefore, people may not recognize it as a threat (Ashley and Gilson 2009 ). According to Ashley and Gilson (2009) , people will always take risks and lightning casualties will occur, but may increase if education efforts do not take place. It is the purpose of this study to begin researching the best way to commence lightning safety education efforts.
Methodology

Survey and sampling design
This study distributed surveys in the fall of 2010 asking demographic and lightning safety questions, exposed participants to education modes, and re-administered similar surveys to measure lightning safety knowledge gained from the education modes. The distribution of surveys and educational modes occurred in 2-week intervals. Education modes used in this study were one of the following three forms: brochure, video, or brochure plus video. All education modes were obtained from the NWS for distribution with the purpose of education. The education modes were chosen based on availability and relevant to lightning safety (i.e., lecture, brochure, video, field trips, etc.) and previous studies using one, two, and a combination of modes (Bird and Dominey-Howes 2008; Dengler 2005; Shiwaku et al. 2007; Soffer et al. 2010) . Questions directed toward lightning safety knowledge were based on lightning safety recommendations in two previous studies as well as the information covered in the education mode materials (Holle et al. 1999; Zimmermann et al. 2002) .
Study areas were chosen to represent geographic regions of variable lightning risk. A 15-year flash density map of cloud-to-ground lightning activity from 1997 through 2012 determined the level of risk ( Fig. 1 ) (National Weather Service 2013a). The map illustrated Florida having a high level of risk associated with up to 33 or greater flashes/square mi/ year. Ohio was shown to have a moderate level of risk associated with 6-15 flashes/square mi/year. Colorado was shown to have a low-to-moderate level of risk associated with 1-15 flashes/square mi/year. In addition to risk, past death rates were used to select study areas. A lightning fatality map from 2002 through 2011 determined past lightning deaths ( Fig. 2 ) (National Weather Service 2013b). The map showed all three states, Florida, Ohio, and Colorado, ranking in the top ten for lightning deaths. Florida had the greatest number of deaths (56) in the country. Colorado placed second (24), and Ohio tied for ninth (11). When weighted by population, Florida and Colorado remain in the first quartile for lightning deaths and Ohio in the third quartile ( Fig. 3 ) (National Weather Service 2013b). Therefore, risk data along with past death rates supported the selection of Florida, Ohio, and Colorado as the three study areas.
State universities with geography programs were selected for survey distribution and include the University of South Florida in Tampa, Kent State University in Kent, University of Colorado in Boulder, and Northern Colorado University in Greeley. Participants in this study were college students who were taking an introductory geography course. College students were selected, because they guarantee completion of high school and presence in a school system where lightning safety education programs may have been present.
Pre-mode and post-mode analysis
Categories were assigned to levels of knowledge to classify the results. A percentage of average correct responses greater than 74 % were considered high knowledge, 50-74 % moderate knowledge, and less than 50 % low knowledge. These categories were chosen based on the idea that if four individuals were in a dangerous lightning situation, then at high knowledge, three out of the four would have correct safety knowledge. Moderate knowledge would yield at least two individuals having correct safety knowledge, and low knowledge would yield one or no persons having correct safety knowledge. It is assumed that the more individuals with knowledge, the more likely safety precautions would be taken in a dangerous lightning situation.
To determine if the current status of lightning safety knowledge could be established for college students in the study area, the average correct response rate for the pre-mode sample was reviewed. Determining the areas of lightning safety that were most misunderstood also utilized the average correct response rate from the pre-mode sample. The remaining study questions were determined by analyzing the data using a chi-square test. A chi-square test was selected because the pre-mode and post-mode samples were not identical due to students not attending the second survey. In addition, the pre-mode and post-mode samples were not dependent and not exclusively independent (Lowry 1998) . Finally, the education mode data were categorical data (Diener-West 2008) . Significance at p \ 0.05 level was noted with bold type and underlined.
Determining if past death rates affected lightning safety knowledge required analyzing the pre-mode sample of average correct response rates for each study area utilizing chisquare test. To determine if relative risk was related to the existence of K-12 lightning education programs or nonschool programs, the participant responded to sources of lightning safety information from the three study areas that were analyzed using chi-square test. Evaluation of the effectiveness of the education modes and gender analysis of learning involved comparing the pre-mode sample to the post-mode sample using chi-square test. As a hypothesis, the student sample as a whole should become more knowledgeable about lightning safety following the education modes. A portion of the participants who did not receive an education mode represents the control group and tested this hypothesis.
Results
The sample included 878 participants in the pre-mode sample and 634 participants in the post-mode sample. The pre-mode demographics showed that pre-mode gender was 49.8 % female and 50.1 % male. The majority of students were 18 and 19 years of age. The distribution of residency showed that 212, 221, and 102 students identified Ohio, Colorado, and Florida as their state of residency, respectively. These were the only participants included in the analysis to compare results among the three states.
The post-mode demographics showed that post-mode gender was 49.5 % female and 50.5 % male. The majority of students were 18 and 19 years of age. This is comparable to the pre-mode demographics. The post-mode distribution by education mode showed that 17.5 % of participants were in the control group, 26.7 % received the brochure mode, 30.3 % received the video mode, and 25.6 % received the brochure plus video mode. The post-mode distribution by gender showed that each education mode was similar to the overall 50/50 ratio of gender.
Preliminary analysis utilizing the pre-mode responses and control group responses displayed several variables with chi-square results of significance as well as an increase in percentage of correct responses. The increase in knowledge may be due to the receiving of lightning safety knowledge outside of the administered education modes; however it may also be due to a small control sample. To avoid a possible bias, these variables concerning survey questions about usage of a cellular phone, seeking shelter in a field, and the second participant supplied sign of lightning danger were removed from all post-mode analysis.
Data analysis illustrated that past lightning death rates in Florida, Ohio, and Colorado do not affect lightning safety knowledge of the residents of those states. Furthermore, it was determined that relative lightning risk for Florida, Ohio, and Colorado was not related to the existence of K-12 lightning education programs or nonschool programs in those states. Past lightning death rates or current levels of risk for each of the states, Florida, Ohio, and Colorado, are not related to lightning safety knowledge or to reported lightning safety education programs. This finding was surprising since an increase in risk should cause a greater rate of school or nonschool lightning safety education programs yielding greater rates of knowledge.
The pre-mode sample was used to answer the research questions regarding the current status of lightning safety knowledge and the most misunderstood areas of lightning safety (Table 1 ). The current status of lightning safety knowledge was determined for college students. Twelve of the twenty-four variables resulted in high knowledge ([74 % correct) . Six variables resulted in moderate knowledge (50-74 %), and six variables resulted in low knowledge (\50 %). While having a high rate of knowledge in the sample was positive, 50 % of the twenty-four variables had moderate or low knowledge, which could be considered inadequate. The overall average percentage of correct response rate for the entire sample was 66 % and could be considered as moderate knowledge.
There were several areas of lightning safety which were misunderstood and pose a risk to the safety of participants. Nearly half or less than half of correct responses were low for questions regarding thunderstorms producing lightning (42 %) and hearing thunder means being in danger of being struck by lightning (52 %). Accepted correct responses were extremely low to questions regarding minutes to wait after thunder to resume outdoor activities (36 %) and the number of miles lightning can strike ahead of a storm (17 %). These two questions were open-ended questions, which do allow for increased likelihood of incorrect responses; however, when analyzing the incorrect responses for the question regarding minutes to wait after thunder to resume outdoor activities, 61 % wrote a wait time less than the recommended 30 min. When analyzing the incorrect responses for the question about the number of miles lightning can strike ahead of a storm, 51 % wrote a striking distance less than the possible ten miles.
While the overall sample had moderate knowledge (66 %) of lightning safety, there were a few areas which were misunderstood and can pose a threat to participant safety. It seems that participants misunderstood the relationship between the lightning, thunder, and thunderstorms. In addition, participants do not understand the distance and time that lightning can affect an individual before and after a storm. Changes in the overall percentages of correct responses of the post-mode sample compared to the pre-mode sample determined whether further analysis was possible regarding the individual modes of education (Table 2 ). The control group was not included in this test for significance. All variables with a p value \0.05 showed an increase in percentage of correct responses from the pre-mode survey to the post-mode survey. Among the significant increases, the average increase in correct answers was 15 %, ranging from a minimum increase of 9 % to a maximum increase of 33 %. There were no significant decreases in correct answers in the post-mode survey. These increases are attributed to participant exposure to the education modes. Therefore, analysis of each education mode, brochure, video, and brochure plus video, was conducted to determine the best mode of education for lightning safety.
The overall performance of the pre-mode sample versus each education mode sample as well as p values was used to determine the most efficacious mode of education regarding lightning safety knowledge. Only the eight previously determined (Table 2) significant (p value \0.05) variables were included in the education mode analysis. In the sample that received the brochure as an education mode, five of the eight questions showed a significant increase in correct answers in the post-mode survey. In the sample that received the video education mode and the sample that received the video plus brochure education mode, there was a significant increase in correct answers to all eight questions (Table 3) . Therefore, the video mode and the brochure plus video mode were the most effective compared to the only brochure mode. If just reviewing the p values, the video group would be the most effective education mode, but this does not account for a greater change in lightning safety knowledge. Therefore, the overall performance of correct responses for the post-mode video group and brochure and video group were reviewed. For the eight questions with significant improvements in the correct answers, the average percentage of correct responses for the video group was 69 %. The average percentage of correct responses for the brochure plus video group was 69 %. Both the video education mode and brochure plus video education mode were equally effective and better than brochure alone.
All responses from the pre-mode survey and post-mode survey were compared to determine whether or not gender was related to overall lightning safety knowledge and knowledge learned following exposure to the education modes (Table 4) . Only variables deemed significant for both genders were included in the gender analysis. The average percentage of correct responses for all variables were used to compare knowledge levels of gender prior to education modes. Females and males both had a pre-mode average percentage of correct responses of 68 %. Therefore, gender was not related to the knowledge rate of the sample prior to the education modes.
To compare a rate of change in knowledge for gender, only significant (p values \0.05) variables were used to calculate the difference in average correct responses. The knowledge rate prior to education modes was higher in females (54 %) than males (51 %). The knowledge rate after exposure to the education modes was higher in males (67 %) than females (66 %). The rate of knowledge increase was greater for males (16 %) than for females (12 %).
Discussion
The presence of K-12 school lightning safety programs and nonschool programs about lightning safety showed no relationship with past lightning death rates or current levels of lightning risk at the state level. Implementation of more or better school programs could occur at the state level, perhaps by creating a schedule where 5-min videos are shown once a month pertaining to hazard safety, each month focusing on a different hazard. To be the most effective, this may need to occur yearly in grades K-12.
The overall average percentage of correct response rate for the entire sample was 66 %, which means the sample had moderate knowledge of lightning safety. Areas of lightning safety most misunderstood by participants involved the relationship between lightning and thunder. The surveys yielded poor correct response rates for questions involving the relationship between thunderstorms and lightning (42 %), thunder and lightning danger (52 %), safety after a thunderstorm (36 %), and distance of being in danger (17 %). This lack of knowledge showed that participants do not understand the relationship between lightning and thunder, and this could cause a person to underestimate their level of danger.
Past lightning safety education programs have included ''when thunder roars, go indoors'' as well as the 30-30 rule. The 30-30 rule was meant to assist individuals in determining their lightning danger. The first 30 is associated with the number of seconds Nat Hazards (2014 Hazards ( ) 70:1231 Hazards ( -1245 Hazards ( 1241 between seeing lightning and hearing thunder to seek shelter. The second 30 refers to the number of minutes to wait after the last sound of thunder or flash of lightning to resume outdoor activity (Holle et al. 1999) . These results show that either education programs are lacking or the slogan and rule are not effective. This needs to be rectified because individuals who are unaware of the 30-30 rule are likely putting themselves in danger while thinking they are safe. While the number of miles lightning can strike ahead or behind a storm is not commonly communicated in lightning safety education programs, it may be beneficial to couple this with the 30-30 rule. If both rules are taught in conjunction, it may cause individuals to better understand the range of danger related to the location of a storm. While a person cannot measure the distance they are from a storm, knowing that a 10-mile range exists may cause them to be more inclined to seek shelter when hearing thunder. The most effective education modes for lightning safety were the video and the brochure plus video. Both of these modes had the same rate of knowledge gained. The brochure alone was the least effective method. Further research is needed regarding brochure education modes to determine if they could be improved. If not, brochures may no longer be applicable in lightning safety education and possibly all natural hazard education. Currently, brochures are used by several government agencies, the NWS, and many private industries. The printing and distributing of these materials may no longer be needed, which could allow for funds to be used in other areas of natural hazard education. This study included only three types of education modes. There are many more possible ways to educate. Therefore, more research is needed in the area of natural hazard education modes to determine which are the most effective. This analysis also suggests for more education mode research in all areas of natural hazards.
Gender was not related to initial lightning safety knowledge prior to the education modes. Both genders began the study with an overall correct response rate of 68 %. It is possible that gender affected lightning safety knowledge following exposure to education modes because males had a greater rate (4 %) of change in lightning safety knowledge than females. However, this difference is minimal and suggests that further research is needed to explore possible gender differences in natural hazard education.
This study has several limitations. First, the quality of the video in the video education mode and the brochure plus video education mode was a slide presentation with a voiceover. It is possible that the lack of action in the video affected the rate of learning involving these two modes. Second, this study only tested three modes of education; there are many other forms of education about lightning safety, which may be more effective. Limiting the number of education modes limits the application of these findings regarding the best mode used in lightning safety education. Third, this study only tested these modes of education with regard to lightning safety. Natural hazards come in many forms and testing the modes with other natural hazard safety information would increase the application of these findings in general natural hazard safety education. Finally, this study only surveyed college students. Testing young adults and not school children limits the applications of these findings in all classrooms. It is possible that when testing school children, older adults, or noncollege-educated adults, different modes of education would be the most effective. Lightning safety education has been largely overlooked by the research community. This study begins to shed light on ways to educate about lightning safety. The level of lightning safety knowledge for college students is not ideal nor does it represent the scientific community's understanding of lightning and the resources available to convey this information. There are several areas of lightning safety which are misunderstood and primarily involve the period of danger before and after lightning is present. This information needs to receive more emphasis in the future. Past deaths rates and current levels of risk for the study areas did not affect the presence of lightning safety programs in schools or outside of schools. Areas with higher levels of risk, such as Florida, should have a higher rate of lightning safety programs since the population in this region are at a greater risk. More programs need to be instituted in Florida to compensate for that high level of risk.
When educating college students about lightning safety, it was found that video and a combination of video and brochure were the most effective education modes. However, if using a video meeting today's technology expectations was used instead, it is expected that the video mode alone would yield a more knowledgeable result. Finally, gender was not associated with the initial rate of knowledge about lightning safety and minimally affected the rate of knowledge following the distribution of education modes.
Future research in natural hazard education needs to occur to better understand the relationship between natural hazards, natural hazard education, and knowledge and behavior. Studies need to be developed to test education modes for all natural hazards. Further research is needed in the natural hazard community regarding the prevalence of natural hazard education programs, best modes for education, and the role of gender in obtaining and retaining safety information.
The scientific community as well as local government, state government, and nongovernment organizations has succeeded in instructing citizens on safe practices during thunderstorms. This is evident by the reduction in fatalities and injuries caused by lightning over the past century; however, there is still work to be done. Some aspects of lightning safety are misunderstood by citizens and need further emphasis. While education programs are in place, they are not enough. More programs need to be instituted once scientists and community leaders are informed of the best methods to educate. Finally, if gender plays a larger role than seen in this study, it may be necessary to direct those education programs toward a particular gender, based on their ability to receive and retain safety information. All of these steps are imperative to further increase citizen awareness of lightning risks, advance the availability of tools for safe and educated decision-making, and increase citizen awareness of the need for individual responsibility in mitigating lightning danger.
